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Description

�[0001] The present invention generally relates to a method for applying an LbL coating onto a medical device, preferably
an ophthalmic device, more preferably a contact lens, to improve the hydrophilicity and lubricity of the medical device.

BACKGROUND OF THE INVENTION

�[0002] Many devices used in biomedical applications require that the bulk of the device has one property and the
surfaces of the device have a different property. For example, contact lenses may require relatively high oxygen per-
meability through the bulk of the lens to maintain good corneal health. However, materials that exhibit exceptionally high
oxygen permeability (e.g. polysiloxanes) are typically hydrophobic and, will up take lipid or protein from the ocular
environment and may adhere to the eye if not treated or surface-�modified. Thus, a contact lens will generally have a
core or bulk material that is highly oxygen permeable and hydrophobic, and a surface that has been treated or coated
to increase hydrophilic properties. This hydrophilic surface allows the lens to move relatively freely on the eye without
absorbing excessive amounts of tear lipid and protein.�
In order to modify the hydrophilic nature of a relatively hydrophobic contact lens material, various layer-�by- �layer (LbL)
polyelectrolyte deposition techniques have been developed by the assignee of the present invention (e.g., PCT Publi-
cation Nos. WO 01/57118, WO 99/35520). For example, one LbL coating technique involves dipping iteratively one or
more lenses in an alternating fashion to a polyanion (e.g., polyacrylic acid, PAA) solution and then a polycation (e.g.,
polyallylamine hydrochloride, PAH) solution, a LbL coating can be formed on the surfaces of lenses. Nevertheless,
although these layer- �by- �layer techniques effectively alter the surfaces of various biomaterials, such as contact lenses,
a need for further improvement still remains. For example, by using these LbL-�coating techniques, it may not be possible
to form an LbL coating which can impart desired surface properties such as high hydrophilicity and lubricity. High
hydrophilicity and lubricity of an LbL coating on a contact lens may enhance wearer’s comfort and/or ocular health.

SUMMARY OF THE INVENTION

�[0003] The invention provides a method of applying an LbL coating onto a medical device, preferably an ophthalmic
device, more preferably a contact lens, the method of invention comprising:�

(a) contacting said medical device with a first coating solution containing a first polyionic material to non-�covalently
apply an innermost layer of the first polyionic material onto said medical device, wherein the concentration of the
first polyionic material in the first coating solution is sufficiently high enough to increase the hydrophilicity of the LbL
coating, and wherein said medical device is not subjected to a surface modification;
(b) contacting said medical device having the innermost layer of the first polyionic material with a second coating
solution containing a second polyionic material, to form a first polyelectrolyte bilayer consisting of the innermost
layer of the first polyionic material and one layer of the second polyionic material on top of the innermost layer,
wherein the second polyionic material has charges opposite of the charges of the first polyionic material;
(c) contacting said medical device having the first polyelectrolyte bilayer with a third coating solution containing the
first polyionic material or a third polyionic material, to form a layer of the first polyionic material or the third polyionic
material on top of the first polyelectrolyte bilayer, wherein the third polyionic material has charges opposite of the
charges of the second polyionic material;
(d) contacting said medical device having the first polyelectrolyte bilayer and one layer of the first polyionic material
or the third polyionic material on top of the first polyelectrolyte bilayer with a fourth coating solution containing the
second polyionic material or a fourth polyionic material having charges opposite of the charges of the first or third
polyionic material, to form a second polyelectrolyte bilayer consisting of the layer of the first polyionic material or
the third polyionic material and one layer of the second material; and, optionally,
(e) repeating steps (c) to (d) for one or more times to build up one or more additional polyelectrolyte bilayers.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

�[0004] Reference now will be made in detail to the embodiments of the invention, one or more examples of which ere
set forth below. Each example is provided by way of explanation of the invention, and is not a limitation of the invention.
�[0005] Unless defined otherwise, all technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this invention belongs. Generally, the nomenclature used herein
and the laboratory procedures are well known and commonly employed in the art. Conventional methods are used for
these procedures, such as those provided in the art and various general references. Where a term is provided in the
singular, the inventors also contemplate the plural of that term. As employed throughout the disclosure, the following
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terms, unless otherwise indicated, shall be understood to have the following meanings.
�[0006] An "article" refers to a medical device or a mold for making a medical device.
�[0007] A "medical device", as used herein, refers to a device having surfaces that contact tissue, blood, or other bodily
fluids of patients in the course of their operation or utility. Exemplary medical devices include: (1) extracorporeal devices
for use in surgery such as blood oxygenators, blood pumps, blood sensors, tubing used to carry blood and the like which
contact blood which is then returned to the patient; (2) prostheses implanted in a human or animal body such as vascular
grafts, stents, pacemaker leads, heart valves, and the like that are implanted in blood vessels or in the heart; (3) devices
for temporary intravascular use such as catheters, guide wires, and the like which are placed into blood vessels or the
heart for purposes of monitoring or repair, and (4) ophthalmic devices. In a preferred embodiment, medical devices are
ophthalmic devices.
�[0008] An "ophthalmic device", as used herein, refers to a contact lens (hard or soft), an intraocular lens, a corneal
onlay, other ophthalmic devices (e.g., stents, implants, or the like) used on or about the eye or ocular vicinity, and cases
or containers for storing ophthalmic devices or ophthalmic solutions.
�[0009] "Biocompatible", as used herein, refers to a material or surface of a material, which may be in Intimate contact
with tissue, blood, or other bodily fluids of a patient for an extended period of time without significantly damaging the
ocular environment and without significant user discomfort.
�[0010] "Ophthalmically compatible", as used herein, refers to a material or surface of a material which may be in
intimate contact with the ocular environment for an extended period of time without significantly damaging the ocular
environment and without significant user discomfort. Thus, an ophthalmically compatible contact lens will not produce
significant corneal swelling, will adequately move on the eye with blinking to promote adequate tear exchange, will not
have substantial amounts of protein or lipid adsorption, and will not cause substantial wearer discomfort during the
prescribed period of wear.
�[0011] "Ocular environment", as used herein, refers to ocular fluids (e.g., tear fluid) and ocular tissue (e.g., the comea)
which may come into intimate contact with a contact lens used for vision correction, drug delivery, wound healing, eye
color modification, or other ophthalmic applications.
�[0012] A "monomer" means a low molecular weight compound that can be polymerized. Low molecular weight typically
means average molecular weights less than 700 Daltons.
�[0013] A "macromer" refers to medium and high molecular weight compounds or polymers that contain functional
groups capable of further polymerization. Medium and high molecular weight typically means average molecular weights
greater than 700 Daltons.
�[0014] "Polymer" means a material formed by polymerizing one or more monomers.
�[0015] "Surface modification", as used herein, means that an article has been treated in a surface treatment process
(or a surface modification process), in which, by means of contact with a vapor or liquid, and/or by means of application
of an energy source (1) a coating is applied to the surface of an article, (2) chemical species are adsorbed onto the
surface of an article, (3) the chemical nature (e.g., electrostatic charge) of chemical groups on the surface of an article
are altered, or (4) the surface properties of an article are otherwise modified. Exemplary surface treatment processes
include, but are not limited to, a surface treatment by energy (e.g., a plasma, a static electrical charge, irradiation, or
other energy source), chemical treatments, the grafting of hydrophilic monomers or macromers onto the surface of an
article, and layer-�by-�layer deposition of polyelectrolytes. A preferred class of surface treatment processes are plasma
processes, in which an ionized gas is applied to the surface of an article. Plasma gases and processing conditions are
described more fully in U.S. Pat. Nos. 4,312,575 and 4,632,844. The plasma gas is preferably a mixture of lower alkanes
and nitrogen, oxygen or an inert gas.
�[0016] "LbL coating", as used herein, refers to a coating obtained by a layer- �by-�layer ("LbL") alternative, physical
deposition of two oppositely charged polymeric materials on an article. In an LbL coating, each layer of a material is
non-�covalently bond to another layer of a different material. Any suitable deposition techniques can be used in the LbL
coating. Exemplary deposition techniques include, without limitation, dipping a substrate into a coating solution and
spraying a substrate with a coating solution.
�[0017] A "charged polymeric material" or a "polyionic material" refers to a charged polymer that has a plurality of
charged groups in a solution, or a mixture of charged polymers each of which has a plurality of charged groups in a
solution. Exemplary charged polymers includes polyelectrolytes, p- and n-�type doped conducting polymers. Charged
polymeric materials include both polycationic (having positive charges) and polyanionic (having negative charges) pol-
ymeric materials.
�[0018] The term "bilayer" is employed herein in a broad sense and is intended to encompass, a coating structure
formed by applying one layer of a first polyionic material and subsequently one layer of a second polyionic material
having charges opposite of the charges of the first polyionic material. It should be understood that the layers of the first
and second polyionic materials may be intertwined with each other in the bilayer.
�[0019] An "innermost layer", as used herein, refers to the first layer of an LbL coating, which is applied onto the surface
of a medical device.
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�[0020] A "capping layer", as used herein, refers to the last layer of a coating material which is applied onto the surface
of a medical device.
�[0021] A "polyquat", as used herein, refers to a polymeric quaternary ammonium group-�containing compound.
�[0022] An "averaged value of coefficient of friction" refers to a value, which is obtained by averaging measurements
of at least 3 individual medical devices, as described in Example 1. Coefficient of friction (hereinafter CoF) may be one
of important parameters that may affect the on-�eye movement and thereby the wearer’s comfort. High CoF may increase
the likelihood of damaging mechanically the ocular epithelia and/or may lead to ocular discomfort.
�[0023] As used herein, "increased lubricity" in reference to a coated medical device, e.g., a coated contact lens, means
that the medical device has a reduced averaged value of CoF relative to an uncoated medical device, wherein both
coated and uncoated medical device are made of the same core material.
�[0024] An "average contact angle" refers to a contact angle (measured by Sessile Drop method), which is obtained
by averaging measurements of at least 3 individual medical devices.
�[0025] As used herein, "increased surface hydrophilicity" or "increased hydrophilicity" in reference to a coated oph-
thalmic device means that the coated ophthalmic device has a reduced averaged contact angle relative to an uncoated
medical device, wherein both coated and uncoated medical device are made of the same core material.
�[0026] The present invention, in one aspect, provides a method of applying an LbL coating onto a medical device, the
method comprising the steps of: (a) contacting said medical device with a first coating solution containing a first polyionic
material to non- �covalently apply an innermost layer of the first polyionic material onto said medical device, wherein the
concentration of the first polyionic material in the first coating solution is sufficiently high enough to increase the hy-
drophilicity of the LbL coating, and wherein said medical device is not subjected to a surface modification prior to
contacting with the first coating solution; (b) contacting said medical device having the innermost layer of the first polyionic
material with a second coating solution containing a second polyionic material, to form a first polyelectrolyte bilayer
consisting of the innermost layer of the first polyionic material and one layer of the second polyionic material on top of
the innermost layer, wherein the second polyionic material has charges opposite of the charges of the first polyionic
material; (c) contacting said medical device having the first polyelectrolyte bilayer with a third coating solution containing
the first polyionic material or a third polyionic material, to form a layer of the first polyionic material or the third polyionic
material on top of the first polyelectrolyte bilayer, wherein the third polyionic material has charges opposite of the charges
of the second polyionic material; (d) contacting said medical device having the first polyelectrolyte bilayer and one layer
of the first polyionic material or the third polyionic material on top of the first polyelectrolyte bilayer with a fourth coating
solution containing the second polyionic material or a fourth polyionic material having charges opposite of the charges
of the first or third polyionic material, to form a second polyelectrolyte bilayer consisting of the layer of the first polyionic
material or the third polyionic material and one layer of the second material; and, optionally, (e) repeating steps (c) to
(d) for one or more times to build up one or more additional polyelectrolyte bilayers.
�[0027] It is discovered unexpectedly that the concentration of a polyionic material in a solution for forming the innermost
layer of an LbL coating has a direct, significant impact on the hydrophilicity of the LbL coating on a contact lens. As the
concentration of the first polyionic material in the first coating solution increases, the hydrophilicity of a resulting coating
on a medical device increases. There is no noticeable correlation between the hydrophilicity of a coating and the con-
centration of a polyionic material in a coating solution,� which is not used in forming the innermost layer of the coating.
Based on this unexpected discovery, an improved LbL coating method is developed that can prepare, in a cost-�effective
fashion, an LbL coating on a medical device with increased hydrophilicity. Such method can also be used to control the
hydrophilicity of a coating on a medical device according to one’s desire.
�[0028] The polyionic materials that may be employed in the present invention include polyanionic and polycationic
polymers. Examples of suitable polyanionic polymers include, for example, a synthetic polymer, a biopolymer or modified
biopolymer comprising carboxy, sulfo, sulfato, phosphono or phosphato groups or a mixture thereof, or a salt thereof,
for example, a biomedical acceptable salt and especially an ophthalmically acceptable salt thereof when the article to
be coated is an ophthalmic device.
�[0029] Examples of synthetic polyanionic polymers are: a linear polyacrylic acid (PAA), a branched polyacrylic acid,
a polymethacrylic acid (PMA), a polyacrylic acid or polymethacrylic acid copolymer, a maleic or fumaric acid copolymer,
a poly�(styrenesulfonic acid) (PSS), a polyamido acid, a carboxy-�terminated polymer of a diamine and a di- or polycar-
boxylic acid (e.g., carboxy-�terminated Starburst™ PAMAM dendrimers from Aldrich), a poly �(2- �acrylamido-�2-�methylpro-
panesulfonic acid) (poly-(AMPS)), an alkylene polyphosphate, an alkylene polyphosphonate, a carbohydrate polyphos-
phate or carbohydrate polyphosphonate (e.g., a teichoic acid). Examples of a branched polyacrylic acid include a Car-
bophil® or Carbopol® type from Goodrich Corp. Examples of a copolymer of acrylic or methacrylic acid include a copo-
lymerization product of an acrylic or methacrylic acid with a vinyl monomer including, for example, acrylamide, N,�N-
dimethyl acrylamide or N- �vinylpyrrolidone. �
Examples of polyanionic biopolymers or modified biopolymers are: hyaluronic acid, glycosaminoglycanes such as heparin
or chondroitin sulfate, fucoidan, poly-�aspartic acid, poly-�glutamic acid, carboxymethyl cellulose, carboxymethyl dextrans,
alginates, pectins, gellan, carboxyalkyl chitins, carboxymethyl chitosans, sulfated polysaccharides.
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�[0030] A preferred polyanionic polymer is a linear or branched polyacrylic acid or an acrylic acid copolymer. A more
preferred anionic polymer is a linear or branched polyacrylic acid. A branched polyacrylic acid in this context is to be
understood as meaning a polyacrylic acid obtainable by polymerizing acrylic acid in the presence of suitable (minor)
amounts of a di- or polyvinyl compound.
�[0031] A suitable polycationic polymer as part of the bilayer is, for example, a synthetic polymer, biopolymer or modified
biopolymer comprising primary, secondary or tertiary amino groups or a suitable salt thereof, preferably an ophthalmically
acceptable salt thereof, for example a hydrohalogenide such as a hydrochloride thereof, in the backbone or as substit-
uents. Polycationic polymers comprising primary or secondary amino groups or a salt thereof are preferred.
�[0032] Examples of synthetic polycationic polymers are:�

(i) a polyallylamine (PAH) homo- or copolymer, optionally comprising modifier units;
(ii) a polyethyleneimine (PEI);
(iii) a polyvinylamine homo- or copolymer, optionally comprising modifier units;
(iv) a poly�(vinylbenzyl- �tri-�C1-C4-alkylammonium salt), for example a poly�(vinylbenzyl- �trimethyl ammoniumchloride);
(v) a polymer of an aliphatic or araliphatic dihalide and an aliphatic N,�N,�N’, �N’-�tetra-�C1-C4-alkyl- �alkylenediamine, for
example a polymer of (a) propylene-�1,3-�dichloride or -dibromide or p- �xylylene dichloride or dibromide and (b) N, �N,
N’,�N’- �tetramethyl-�1,4- �tetramethylene diamine;
(vi) a poly �(vinylpyridine) or poly�(vinylpyridinium salt) homo- or copolymer;
(vii) a poly (N, �N-�diallyl- �N, �N-�di- �C1-C4-alkyl-�ammoniumhalide) comprising units of formula

wherein R2 and R2’ are each independently C1-C4-alkyl, in particular methyl, and An- is an anion, for example, a
halide anion such as the chloride anion;
(viii) a homo- or copolymer of a quaternized di-�C1-C4-alkyl-�aminoethyl acrylate or methacrylate, for example a poly
(2-�hydroxy- �3-�methacryloylpropyltri- �C1-C2-alkylammonium salt) homopolymer such as a a poly�(2- �hydroxy- �3-�meth-
acryloylpropyltrimethylammonium chloride), or a quaternized poly�(2-�dimethylaminoethyl methacrylate or a quater-
nized poly�(vinylpyrrolidone-�co-�2-�dimethylaminoethyl methacrylate);
(ix) POLYQUAD® as disclosed in EP-�A-�456,467; or
(x) a polyaminoamide (PAMAM), for example a linear PAMAM or a PAMAM dendrimer such as an amino-�terminated
Starbust™ PAMAM dendrimer (Aldrich).

�[0033] The above mentioned polymers comprise in each case the free amine, a suitable salt thereof, for example a
biomedically acceptable salt or in particular an ophthalmically acceptable salt thereof, as well as any quaternized form,
if not specified otherwise.
�[0034] Suitable comonomers optionally incorporated in the polymers according to (i), (iii), (vi) or (viii) above are, for
example, hydrophilic monomers such as acrylamide, methacrylamide, N,�N-�dimethyl acrylamide, N-�vinylpyrrolidone and
the like.
�[0035] Suitable modifier units of the polyallylamine (i) are known, for example from WO 00/31150 and comprise, for
example, units of formula
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wherein L is C2-C6-alkyl, which is substituted by two or more same, or different substituents selected from the group
consisting of hydroxy, C2-C5-alkanoyloxy and C2-C5-alkylaminocarbonyloxy.
�[0036] Preferred substituents of the alkyl radical L are hydroxy, acetyloxy, propionyloxy, methylaminocarbonyloxy or
ethylaminocarbonyloxy, especially hydroxy, acetyloxy or propionyloxy and in particular hydroxy.
�[0037] L is preferably linear C3-C6-alkyl, more preferably linear C4-C5-alkyl, and most preferably n-�pentyl, which is in
each case substituted as defined above. A particularly preferred radical L is 1,2,3,4,5- �pentahydroxy- �n-�pentyl.
�[0038] Examples of polycationic biopolymers or modified biopolymers that may be employed in the bilayer of the
present invention include: basic peptides, proteins or glucoproteins, for example, a poly-�ε-�lysine, albumin or collagen,
aminoalkylated polysaccharides such as a chitosan or aminodextranes.
�[0039] Particular polycationic polymers for forming the bilayer of the present invention include a polyallylamine
homopolymer; a polyallylamine comprising modifier units of the above formula (II); a polyvinylamine homo- or -copolymer
or a polyethyleneimine homopolymer, in particular a polyallylamine or polyethyleneimine homopolymer, or a poly�(vi-
nylamine-�co-�acrylamid) copolymer.
�[0040] The foregoing lists are intended to be exemplary, but clearly are not exhaustive. A person skilled in the art,
given the disclosure and teaching herein, would be able to select a number of other useful polyionic materials.
�[0041] In order to alter various characteristics of the coating, such as thickness, the molecular weight of the polyionic
materials including polyquats can be varied. In particular, as the molecular weight is increased, the coating thickness
generally increases. However, if the increase in molecular weight increase is too substantial, the difficulty in handling
may also increase. As such, polyionic materials used in a process of the present invention will typically have a molecular
weight Mn of about 2,000 to about 150,000. In some embodiments, the molecular weight is about 5,000 to about 100,000,
and in other embodiments, from about 75,000 to about 100,000.
�[0042] In accordance with the present invention, the core material of a medical device may be any of a wide variety
of polymeric materials. Exemplary core materials include, but are not limited to, hydrogels, silicone-�containing hydrogels,
polymers and copolymers of styrene and substituted styrenes, ethylene, propylene, acrylates and methacrylates, N-
vinyl lactams, acrylamides and methacrylamides, acrylonitrile, acrylic and methacrylic acids.
�[0043] A preferred group of core materials to be coated are those being conventionally used for the manufacture of
biomedical devices, e.g. contact lenses, in particular contact lenses for extended wear, which are not hydrophilic per
se. Such materials are known to the skilled artisan and may comprise for example polysiloxanes, perfluoroalkyl polyethers,
fluorinated poly�(meth)�acrylates or equivalent fluorinated polymers derived e.g. from other polymerizable carboxylic acids,
polyalkyl (meth)�acrylates or equivalent alkylester polymers derived from other polymerizable carboxylic acids, or fluor-
inated polyolefins, such as fluorinated ethylene or propylene, for example tetrafluoroethylene, preferably in combination
with specific dioxols, such as perfluoro- �2,2-�dimethyl-�1,3-�dioxol. Examples of suitable bulk materials are e.g. Lotrafilcon
A, Neofocon, Pasifocon, Telefocon, Silafocon, Fluorsilfocon, Paflufocon, Silafocon, Elastofilcon, Fluorofocon or Teflon
AF materials, such as Teflon AF 1600 or Teflon AF 2400 which are copolymers of about 63 to 73 mol % of perfluoro-
2,2- �dimethyl-�1,3- �dioxol and about 37 to 27 mol % of tetrafluoroethylene, or of about 80 to 90 mol % of perfluoro- �2,2-
dimethyl-�1,3-�dioxol and about 20 to 10 mol % of tetrafluoroethylene.
�[0044] Another group of preferred core materials to be coated is amphiphilic-�segmented copolymers comprising at
least one hydrophobic segment and at least one hydrophilic segment, which are linked through a bond or a bridge
member. Examples are silicone hydrogels, for example those disclosed in PCT applications WO 96/31792 to Nicolson
et al. and WO 97/49740 to Hirt et al..
�[0045] A particular preferred group of core materials to be coated comprises organic polymers selected from polyacr-
ylates, polymethacrylates, polyacrylamides, poly�(N, �N-�dimethylacrylamides),� polymethacrylamides, polyvinyl acetates,
polysiloxanes, perfluoroalkyl polyethers, fluorinated polyacrylates or -methacrylates and amphiphilic segmented copol-
ymers comprising at least one hydrophobic segment, for example a polysiloxane or perfluoroalkyl polyether segment or
a mixed polysiloxane/ �perfluoroalkyl polyether segment, and at least one hydrophilic segment, for example a polyoxa-
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zoline, poly�(2- �hydroxyethylmethacrylate), polyacrylamide, poly�(N, �N-�dimethylacrylamide), polyvinylpyrrolidone polyacryl-
ic or polymethacrylic acid segment or a copolymeric mixture of two or more of the underlying monomers.
�[0046] The core material to be coated may also be any blood-�contacting material conventionally used for the manu-
facture of renal dialysis membranes, blood storage bags, pacemaker leads or vascular grafts. For example, the material
to be modified on its surface may be a polyurethane, polydimethylsiloxane, polytetrafluoroethylene, polyvinylchloride,
Dacron™ or Silastic™ type polymer, or a composite made therefrom.
�[0047] The contacting of the medical device with a solution of, either a polyionic material, a polymeric material or a
rinsing solution, may occur by a variety of methods. For example, the medical device may be dipped into a solution.
Alternatively, the medical device is sprayed with a solution in a spray or mist form. One coating process embodiment
involves solely dip- �coating and optionally dip- �rinsing steps. Another coating process embodiment involves solely spray-
coating and optionally spray- �rinsing steps. Of course, a number of alternatives involve various combinations of spray-
and dip-�coating and optionally spray- and dip- �rinsing steps may be designed by a person having ordinary skill in the art.
�[0048] For example, a solely dip-�coating process involves the steps of: (a) immersing a medical device in a first coating
solution of a first polyionic material; (b) optionally rinsing the medical device by immersing the medical device in a first
rinsing solution; (c) immersing said medical device in a second coating solution of a second polyionic material to form
a first polyelectrolyte bilayer of the first and second polyionic materials, wherein the second polyionic material has charges
opposite of the charges of the first polyionic material; (d) optionally rinsing said medical device by immersing the medical
device in the rinsing solution; (e) immersing said medical device in a third coating solution of the first polyionic material
or a third polyionic material having charges opposite of the charges of the second polyionic material to form one layer
of the first or third polyionic material on top of the first polyelectrolyte bilayer; (f) optionally rinsing said medical device
by immersing the medical device in the rinsing solution; (g) immersing the medical device in a fourth coating solution of
the second polyionic material or a fourth polyionic material having charges opposite of the first or third polyionic material
to form a second polyelectrolyte bilayer; (h) optionally rinsing the medical device by immersing the medical device in
the rinsing solution; and (i) optionally repeating steps (e) to (i) for a number of times. A thicker LbL coating can be
produced by repeating steps (e) to (i) preferably for 2 to 40 times.
�[0049] The immersion time for each of the coating and rinsing steps may vary depending on a number of factors.
Preferably, immersion of the core material into the polyionic solution occurs over a period of about 1 to 30 minutes, more
preferably about 1 to 20 minutes, and most preferably about 1 to 5 minutes. Rinsing may be accomplished with a plurality
of rinsing steps, but a single rinsing step can be quite efficient.
�[0050] Another embodiment of the coating process involves a series of spray coating techniques. The process generally
includes the steps of: (a) spraying on a medical device a first coating solution of a first polyionic material; (b) optionally
rinsing the medical device by spraying on the medical device a first rinsing solution; (c) spraying on said medical device
a second coating solution of a second polyionic material to form a first polyelectrolyte bilayer of the first and second
polyionic materials, wherein the second polyionic material has charges opposite of the charges of the first polyionic
material; (d) optionally rinsing said medical device by spraying on the medical device the rinsing solution; (e) spraying
on said medical device a third coating solution of the first polyionic material or a third polyionic material having charges
opposite of the charges of the second polyionic material to form one layer of the first or third polyionic material on top
of the first polyelectrolyte bilayer; (f) optionally rinsing said medical device by spraying on the medical device the rinsing
solution; (g) spraying on the medical device a fourth coating solution of the second polyionic material or a fourth polyionic
material having charges opposite of the first or third polyionic material to form a second polyelectrolyte bilayer; (h)
optionally rinsing the medical device by spraying on the medical device the rinsing solution; and (i) optionally repeating
steps (e) to (i) for a number of times. A thicker LbL coating can be produced by repeating steps (e) to (i) preferably for
2 to 40 times.
�[0051] The spray coating application may be accomplished via a process selected from the group consisting of an
air-�assisted atomization and dispensing process, an ultrasonic- �assisted atomization and dispensing process, a piezo-
electric assisted atomization and dispensing process, an electro-�mechanical jet printing process, a piezo- �electric jet
printing process, a piezo-�electric with hydrostatic pressure jet printing process, and a thermal jet printing process; and
a computer system capable of controlling the positioning of the dispensing head of the spraying device on the ophthalmic
lens and dispensing the coating liquid. Those spraying coating processes are described in EP-�A-�1262307. By using
such spraying coating processes, an asymmetrical coating can be applied to a medical device. For example, the back
surface of a contact lens can be coated with a hydrophilic and/or lubricous coating material and the front surface of the
contact lens can be coated with an antimicrobial material. It is also possible to produce a coating on a contact lens, the
coating having a functional pattern so as to provide simultaneously multiple benefits to a wearer.
�[0052] A preferred number of bilayers in a biocompatible LbL coating of the invention are about 5 to about 20 bilayers.
While more than 20 bilayers are possible, it has been found that delamination may occur in some LbL coatings having
an excessive number of bilayers.
�[0053] A biocompatible LbL coating of the invention can be formed from at least three different polyionic materials.
�[0054] A biocompatible LbL coating of the invention can comprise at least one layer of a lubricious coating material
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which is selected from the group consisting of PAMAM dendrimers, PAAm-�co- �PAA, PVP- �co- �PAA, glycosaminoglycanes,
fucoidan, poly-�aspartic acid, poly-�glutamic acid, carboxymethyl cellulose, carboxymethyl dextrans, alginates, pectins,
gellan, carboxyalkyl chitins, carboxymethyl chitosans, sulfated polysaccharides, glucoproteins, and aminoalkylated
polysaccharides.
�[0055] A biocompatible LbL coating of the invention can comprise at least one layer of a polyquat.
�[0056] In accordance with the present invention, polyionic material solutions can be prepared in a variety of ways. In
particular, a polyionic solution of the present invention can be formed by dissolving the polyionic material�(s) in water or
any other solvent capable of dissolving the materials. When a solvent is used, any solvent that can allow the components
within the solution to remain stable in water is suitable. For example, an alcohol-�based solvent can be used. Suitable
alcohols can include, but are not limited to, isopropyl alcohol, hexanol, ethanol, etc. It should be understood that other
solvents commonly used in the art can also be suitably used in the present invention.
�[0057] Whether dissolved in water or in a solvent, the concentration of a polyionic material in a solution of the present
invention can generally vary depending on the particular materials being utilized, the desired coating thickness, and a
number of other factors.
�[0058] It may be typical to formulate a relatively dilute aqueous solution of charged polymeric material. For example,
a charged polymeric material concentration can be between about 0.0001% to about 0.25% by weight, between about
0.005% to about 0.10% by weight, or between about 0.01% to about 0.05% by weight.
�[0059] However, where a coating solution containing a first polyionic material is used to form an innermost layer of a
biocompatible LbL coating of the invention on the surface of a medical device, it is desirable that the concentration of
the first charged polymeric material in the solution is sufficiently high enough to increase the hydrophilicity of the LbL
coating. Preferably, the concentration of the charged polymeric material in a solution for forming the innermost layer of
an LbL coating is at least three folder higher than the concentration of a coating material in a coating solution for forming
subsequent layers of the LbL coating. More preferably, the concentration of the charged polymeric material in a solution
for forming the innermost layer of an LbL coating is at least ten folder higher than the concentration of a coating material
in a coating solution for forming subsequent layers of the LbL coating.
�[0060] In general, the polyionic solutions mentioned above can be prepared by any method well known in the art for
preparing solutions. For example, in one embodiment, a polyanionic solution can be prepared by dissolving a suitable
amount of the polyanionic material, such as polyacrylic acid having a molecular weight of about 90,000, in water such
that a solution having a certain concentration is formed. In one embodiment, the resulting solution is a 0.001M PAA
solution. Once dissolved, the pH of the polyanionic solution can also be adjusted by adding a basic or acidic material.
In the embodiment above, for example, a suitable amount of 1N hydrochloric acid (HCl) can be added to adjust the pH
to 2.5.
�[0061] Polycationic solutions can also be formed in a manner as described above. For example, in one embodiment,
poly �(allylamine hydrochloride) having a molecular weight of about 50,000 to about 65,000 can be dissolved in water to
form a 0.001M PAH solution. Thereafter, the pH can also be adjusted to 2.5 by adding a suitable amount of hydrochloric
acid.
�[0062] An LbL coating of the present invention may find particular use in extended-�wear contact lenses. The LbL
coating of the invention may have a minimal adverse effects on the desirable bulk properties of the lens, such as oxygen
permeability, ion permeability, and optical properties.
�[0063] A medical device of the invention can be made by applying a biocompatible LbL coating to a preformed medical
device according to an above-�described method of the invention.
�[0064] In addition to polyionic and non-�charged polymeric materials, a coating solution for forming the bilayer or part
of it, can also contain additives. As used herein, an additive can generally include any chemical or material. For example,
active agents, such as antimicrobials and/or antibacterials can be added to a solution forming the bilayer,� particularly
when used in biomedical applications. Some antimicrobial polyionic materials include polyquaternary ammonium com-
pounds, such as those described in U.S. Patent No. 3,931, 319 to Green et al. (e.g. POLYQUAD®).
�[0065] Moreover, other examples of materials that can be added to a coating solution are polyionic materials useful
for ophthalmic lenses, such as materials having radiation absorbing properties. Such materials can include, for example,
visibility- �tinting agents, iris color modifying dyes, and ultraviolet (UV) light tinting dyes.
�[0066] Still another example of a material that can be added to a coating solution is a polyionic material that inhibits
or induces cell growth. Cell growth inhibitors can be useful in devices that are exposed to human tissue for an extended
time with an ultimate intention to remove (e.g. catheters or Intra Ocular Lenses (IOL’s), where cell overgrowth is unde-
sirable), while cell growth-�inducing polyionic materials can be useful in permanent implant devices (e.g. artificial cornea).
�[0067] When additives are applied to a coating solution, such additives, preferably, have a charge. By having a positive
or negative charge, the additive can be substituted for the polyionic material in solution at the same molar ratio. For
example, polyquaternary ammonium compounds typically have a positive charge. As such, these compounds can be
substituted into a solution of the present invention for the polycationic component such that the additive is applied to the
core material of an article in a manner similar to how a polycationic would be applied.
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�[0068] It should be understood, however, that non-�charged additives can also be applied to the core material of an
article by entrapment.
�[0069] Moreover, the core material to be coated may also be an inorganic or metallic base material without suitable
reactive groups, e.g. ceramic, quartz, or metals, such as silicon or gold, or other polymeric or non-�polymeric substrates.
e.g., for implantable biomedical applications, ceramics are very useful. In addition, e.g. for biosensor purposes, hy-
drophilically coated base materials are expected to reduce nonspecific binding effects if the structure of the coating is
well controlled. Biosensors may require a specific carbohydrate coating on gold, quartz, or other non-�polymeric substrates.
�[0070] The form of the material to be coated may vary within wide limits. Examples are particles, granules, capsules,
fibers, tubes, films or membranes, preferably moldings of all kinds such as ophthalmic moldings, for example intraocular
lenses, artificial cornea or in particular contact lenses.�
The previous disclosure will enable one having ordinary skill in the art to practice the invention. In order to better enable
the reader to understand specific embodiments and the advantages thereof, reference to the following examples is
suggested.

Example 1

Measurements of CoF of coated contact lenses

�[0071] COF may be one of parameters that measure the easiness of the on- �eye movement of a contact lens. High
CoF may increase the likelihood of damaging mechanically the ocular epithelia. CoF of a contact lens can be measured
by a sled- �on- �block type of friction tester as follow. Under a certain load (e.g., about 2.0 grams), a contact lens is slid
back and forth, at a prescribed speed, against a biologically relevant substrate and both the normal force (N) and the
tangential force (FT) are measured. The CoF of the contact lens is calculated based on the equation of P = FT /N.
�[0072] A preferred friction tester comprises: a stationary lens holder assembly, a biologically relevant substrate, a
horizontally movable platform, and a plurality of force measuring means.
�[0073] The stationary lens holder assembly preferably comprises an "A-�shaped" holder bracket and a lens holder
having a lens-�supporting surface. The lens- �supporting surface of the lens holder has a convex curvature capable of
accommodating the back (concave) surface of a contact lens. The lens holder is preferably held by a means in the center
of the "A-�shaped" holder bracket. The head end of the "A-�shaped" stationary sample holder bracket is connected to a
first force measuring means (e.g., a load cell from Transducer Techniques) by, for example, a Kevlar® fiber. The two
foot- �ends of the "A- �shaped" holder bracket are connected to nylon string attached with two �" steel extension springs.
The first force measuring means and the steel extension springs are mounted to the frame of the tester.
�[0074] The horizontally movable platform can be, for example, a table platform (x- �table) which moves uniaxially at
various speeds and accelerations. The x-�table preferably has a dimension of 163 mm long and 19.1 mm wide and can
provide a test area having about 140 mm long and about 14.7 mm wide. An example of the x-�table is a Model 41 Linear
Positioner, which is powered by a ZETA Drive Compumotor (Parker Hannifin Corporation), which operates unidirectional
at maximum velocities of 1800 mm/min and accelerations of 9000 mm/s2.
�[0075] The biologically relevant substrate can be any material and preferably is a powder-�free surgical glove with
Biogel® Coating" from Regent®. Preferably, the finger of the glove is cut into a single rectangular strip, and stretched
and attached to the x-�table by a physical means, for example, jumbo paper clips. Before testing, the substrate attached
onto the x-�table is lubricated with two drops of a desired lubricant, for example, ultra pure water or Softwear® saline
(CIBA vision). Any air between the substrate and the x-�table should be removed. The desired lubricant should be applied
evenly on the substrate. The substrate should be even and consistent throughout.
�[0076] Preferably, there are three force-�measuring means, a first, a second and a third force-�measuring means. Any
suitable known force-�measuring means can be used. An example is a 100-�gram load cells from Transducer Techniques.
The first force- �measuring means is attached to the sample holder to measure tangential forces (friction forces, FT) in
two opposite directions. The second and third force-�measuring means reside under the x-�table to measure normal force
(N) in the downward direction. The other load cell Values outputted by the normal load cells are converted to grams by
a Versatile Amplifier /Conditioner (Transducer Techniques).
�[0077] Measurements of CoF are performed on the preferred friction tester as follows. A contact lens is placed on a
lens holder with the back surface of the contact lens against the lens- �supporting surface of the lens hold. The lens holder
with the contact lens is assembled with the "A-�shaped" holder bracket and then placed in contact with a desired lubricated
substrate. This substrate is mounted to a horizontally movable table platform that is capable of moving uniaxially at
various speeds and accelerations. About 3 grams of weight is loaded onto the lens holder. This load may represent the
force pressed on a contact lens by a blink of eyelids. The three force- �measuring means (3 Load cells from Transducer
Techniques) measure simultaneously the normal (N) and frictional (FT) forces that are produced from the interaction
between the contact lens and the substrate lubricated with a desired lubricant. Multiple data points are taken during a
measurement of lubricity/�lubricating drag/�coefficient of friction of a contact lens. At each data point, CoF P, is calculated
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as follows: 

in which FT represent actual data reading at each point obtained by the first force measuring means after correcting for
the preloading provided by the springs (tangential load cell) during sliding of the substrate against the contact lens and
preferably has a unit of gram; N is the sum of N1 and N2; N1 represents actual data reading at each point obtained by
the second force-�measuring means after correcting for any preloading by the test assembly (normal load cell#1) during
sliding of substrate against the contact lens and preferably has a unit of gram; and N2 represents actual data reading
at each point obtained by the third force-�measuring means after correcting for any preloading by the test assembly
(normal load cell#2) during sliding of substrate against the contact lens and has preferably a unit of gram. The average
(PAve) of all P’s at every data point will be used to represent the value of CoF of a contact lens.
�[0078] More preferably, the friction tester further comprises a computer system that controls the tester, collects readings
of the normal and tangential forces simultaneously as the biologically-�relevant substrate interacts with contact lens,
calculates CoF, and records and charts the forces (FT and N) and CoF (P) at each data point during testing.

Example 2

Measurements of Contact Angles of Coated Contact Lenses

�[0079] Average contact angles (Sessile Drop) of contact lenses are measured using a VCA 2500 XE contact angle
measurement device from AST, Inc., located in Boston, Massachusetts. This equipment is capable of measuring ad-
vancing or receding contact angles or sessile (static) contact angles. The measurements are preferably performed on
fully hydrated materials.
�[0080] The contact angle is a general measure of the surface hydrophilicity of a contact lens. In particular, a low contact
angle corresponds to more hydrophilic surface. The averaged contact angle of a contact lens, which is made of lotrafilcon
A and without any coating (LbL or plasma), is about 112 degree.

Example 3

�[0081] Polyacrylic acid (PAA) solutions: Two solution of polyacrylic acid having a molecular weight of about 90,000,
from Polyscience, Inc., is prepared by dissolving a suitable amount of the material in water to have a desired concentration
of PAA. The PAA concentration is calculated based on the repeating unit in PAA. Once dissolved, the pH of the polyanionic
PAA solution is adjusted by adding 1N hydrochloric acid until the pH is about 2.5.
Poly �(allylamine hydrochloride) (PAH) solution: A solution of poly �(allylamine hydrochloride) (PAH) having a molecular
weight of about 70,000, from Aldrich, is prepared by dissolving a suitable amount of the material in water to form a
0.001M PAH solution. The concentration is calculated based on the molecular weight of repeating unit in PAH. Thereafter,
the pH of the polycationic PAH solution is measured and recorded. The pH is around 4.5.
Coating A: A coating having 5 bilayers of PAA/PAH are formed on a soft contact lens made of a fluorosiloxane hydrogel
material, lotrafilcon A (CIBA Vision). The contact lens is dipped with the help of a Zeiss coater in a PAA solution (0.0001M,
pH 2.5) for 30 minutes to form the innermost layer of the coating on the lens and then rinsed with water by dipping with
the help of a Zeiss coater in water for I minute. The lens with the innermost layer of PAA is then dipped with the help of
a Zeiss coater in a PAH solution (0.0001M, pH 2.5) for 5 minutes, rinsed with water by dipping with the help of a Zeiss
coater in water, dipped with the help of a Zeiss coater in the PAA solution (0.0001M, pH 2.5) for 5 minutes, and then
rinsed by dipping with the help of a Zeiss coater in water. The steps of dipping with the help of a Zeiss coater in the PAH
solution for 5 minutes followed by dipping with the help of a Zeiss coater in the PAA solution for 5 minutes are repeated
for 4 times to build up 4.5 bilayers (i.e., PAA/PAH/PAA/PAH/PAA/PAH/PAA/PAH/PAA on the lens. The lens with the 4.5
bilayers is dipped with the help of a Zeiss coater in the PAH solution for 5 minutes and then released into a phosphate
buffered saline (PBS) (ca. pH 7.2). Each of the coated lenses is placed and sealed in one glass vial filled with PBS buffer
and autoclaved. After autoclave, vials containing a coated lens are not opened until lens characterization.�
Coating B: A coating having 4.5 bilayers of PAA/PAH are formed on a soft contact lens made of a fluorosiloxane hydrogel
material, lotrafilcon A (CIBA Vision). The contact lens is dipped manually in a first PAA solution (0.001M, pH 2.5) for 30
minutes to form the innermost layer of the coating on the lens and then rinsed with water by dipping manually in water
for I minute. The lens with the innermost layer of PAA is then dipped manually in a PAH solution (0.0001M, pH 2.5) for
5 minutes, rinsed with water by dipping manually in water, dipped manually in a second PAA solution (0.0001M, pH 2.5)
for 5 minutes, and then rinsed by dipping manually in water. The steps of dipping in the PAH solution for 5 minutes
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followed by dipping in the second PAA solution for 5 minutes are repeated for 4 times to build up 4.5 bilayers (i.e.,
PAA/PAH/PAA/PAH/PAA/PAH/PAA/PAH/PAA on the lens. Each of the coated lenses is placed and sealed in one glass
vial filled with a phosphate buffered saline (PBS) (ca. pH 7.2) and autoclaved. After autoclave, vials containing a coated
lens are not opened until lens characterization.
�[0082] It is discovered unexpectedly that the concentration of 1st dip solution (i.e., the first PAA solution) appears to
have a direct impact on the hydrophilicity of the lens coating. The LbL coated lenses with the 1st dipping in the 0.001 M
PAA solution have an average contact angle of from about 42 degrees.. The LbL coated lenses with the 1st dipping in
the 0.0001 M PAA have an average contact angle of from about 87 degrees.

Example 4

�[0083] PAA and PAH solutions: PAA and PAH solutions are prepared as described in Example 3.
Coating C: A coating having 4.5 bilayers of PAA/PAH are formed on a soft contact lens made of a fluorosiloxane hydrogel
material, lotrafilcon A (CIBA Vision). The contact lens is coated as follows: (a) manually dipping in a PAA solution
(0.0001M, pH 2.5) for 30 minutes to form the innermost layer of the coating on the lens; (b) without water rinsing, manually
dipping in a PAH solution (0.0001M, pH 2.5) for 5 minutes; (c) without water rinsing, manually dipping in the PAA solution
(0.0001M, pH 2.5) for 5 minutes; (d) repeating steps (b) to (c) for 3 times to build up 4.5 bilayers (i.e.,
PAA/PAH/PAA/PAH/PAA/PAH/PAA/PAH/PAA) on the lens. Each of the coated lenses is placed and sealed in one glass
vial filled with a phosphate buffered saline (PBS) (ca. pH 7.2) and autoclaved. After autoclave, vials containing a coated
lens are not opened until lens characterization.�
Coating D: A coating having 4.5 bilayers of PAA/PAH are formed on a soft contact lens made of a fluorosiloxane hydrogel
material, lotrafilcon A (CIBA Vision). The contact lens is coated as follows: (a) manually dipping in a first PAA solution
(0.001M, pH 2.5) for 30 minutes to form the innermost layer of the coating on the lens; (b) without water rinsing, manually
dipping in a PAH solution (0.0001M, pH 2.5) for 5 minutes; (c) without water rinsing, manually dipping in a second PAA
solution (0.0001 M, pH 2.5) for 5 minutes; repeating steps (b) to (c) to (d) for 3 times to build up 4.5 bilayers (i.e.,
PAA/PAH/PAA/PAH/PAA/PAH/PAA/PAH/PAA) on the lens. Each of the coated lenses is placed and sealed in one glass
vial filled with a phosphate buffered saline (PBS) (ca. pH 7.2) and autoclaved. After autoclave, vials containing a coated
lens are not opened until lens characterization.�
Coating E: A coating having 4.5 bilayers of PAA/PAH are formed on a soft contact lens made of a fluorosiloxane hydrogel
material, lotrafilcon A (CIBA Vision). The contact lens is coated as follows: (a) manually dipping in a first PAA solution
(0.01 M, pH 2.5) for 30 minutes to form the innermost layer of the coating on the lens; (b) without water rinsing, manually
dipping in a PAH solution (0.0001M, pH 2.5) for 5 minutes; (c) without water rinsing, manually dipping in a second PAA
solution (0.0001 M, pH 2.5) for 5 minutes; (d) repeating steps (b) to �(c) to (d) for 3 times to build up 4.5 bilayers (i.e.,
PAA/PAH/PAA/PAH/PAA/PAH/PAA/PAH/PAA’) on the lens. Each of the coated lenses is placed and sealed in one glass
vial filled with a phosphate buffered saline (PBS) (ca. pH 7.2) and autoclaved. After autoclave, vials containing a coated
lens are not opened until lens characterization.
�[0084] The hydrophilicity of an LbL coating formed on a contact lens depends on the concentration of a polyionic
material in a first coating solution to form the innermost layer of the polyionic material (Table 1). The concentration of
the polyionic material in the first coating solution increases from 0.0001 M (PAA) to 0.001 M (PAA) and to 0.010 M (PAA),
averaged contact angles decrease from 74 � 11 degrees to 54 � 8 degrees and to 37 � 8 degrees.�

�[0085] All results shown in the above examples demonstrate that the hydrophilicity of an LbL coating on a contact
lens can be enhanced by using a relatively high concentration of a polyionic material in a coating for forming the innermost
layer of the LbL coating. A LbL- �coated contact lens having a relatively high hydrophilicity characterized by an averaged
contact angle of less than 50 degrees can be achieved by adjusting the concentration of a polyionic material in a coating
solution for forming the innermost layer of the LbL coating, while maintaining the desired bulk properties such as oxygen

Table 1

Concentrationa Contact angleb (n=10)

Coating C 0.1 mM PAA, pH2.5 74 � 11

Coating D 1 mM PAA, pH2.5 54 � 8

Coating E 10mM PAA, pH2.5 37 � 8

a. The concentration of PAA in the first coating solution.�
b. Contact angles averaged over measurements of 10
contact lenses.
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permeability and ion permeability of lens material. Such lenses are useful as extended-�wear contact lenses.

Claims

1. A method for applying a biocompatible layer- �by- �layer coating onto a medical device, comprising the steps of: �

(a) contacting said medical device with a first coating solution containing a first polyionic material to non-�covalently
apply an innermost layer of the first polyionic material onto said medical device, and wherein prior to contacting
with the first coating solution said medical device is not subjected to a surface modification;
(b) contacting said medical device having the innermost layer of the first polyionic material with a second coating
solution containing a second polyionic material, to form a first polyelectrolyte bilayer consisting of the innermost
layer of the first polyionic material and one layer of the second polyionic material on top of the innermost layer,
wherein the second polyionic material has charges opposite of the charges of the first polyionic material;
(c) contacting said medical device having the first polyelectrolyte bilayer with a third coating solution containing
the first polyionic material or a third polyionic material, to form a layer of the first polyionic material or the third
polyionic material on top of the first polyelectrolyte bilayer, wherein the third polyionic material has charges
opposite of the charges of the second polyionic material;
(d) contacting said medical device having the first polyelectrolyte bilayer and one layer of the first polyionic
material or the third polyionic material on top of the first polyelectrolyte bilayer with a fourth coating solution
containing the second polyionic material or a fourth polyionic material having charges opposite of the charges
of the first or third polyionic material, to form a second polyelectrolyte bilayer consisting of the layer of the first
polyionic material or the third polyionic material and one layer of the second material; and, optionally,
(e) repeating steps (c) and (d) for a number of times to build up additional polyelectrolyte bilayers until formation
of the layer-�by- �layer coating on the medical device,

wherein the concentration of the first polyionic material in said first coating solution is selected to be at least three
times higher than the concentration of any polyionic material in any coating solution other than the first coating
solution so as to impart to the layer-�by-�layer coating a relatively high hydrophilicity characterized by an averaged
contact angle of less than 50 degrees.

2. A method of claim 1, comprising at least a rinsing step between steps (a) and (b), between steps (b) and (c), or
between steps (c) and (d), wherein the rinsing step is carried out by contacting said medical device with a rinsing
solution.

3. A method of claim 1, comprising no rinsing step between steps (a) and (b), between steps (b) and (c), or between
steps (c) and (d).

4. A method of claim 1, wherein at least one of said contacting occurs by spraying a solution onto the medical device.

5. A method of claim 1, wherein at least one of said contacting occurs by dipping said medical device into a coating
solution.

6. A method of claim 1, wherein said method comprises repeating steps (a) through (d) between 3 to 20 times.

7. A method of claim 1, wherein the concentration of the first polyionic material in said first coating solution is from 10
to 25 folds of the concentration of the first, second, third, or fourth polyionic material in the second, third or fourth
coating solution.

8. A method of claim 1, wherein the third coating solution contains the first polyionic material.

9. A method of claim 1, wherein the third coating solution contains the third polyionic material.

10. A method of claim 1, wherein the fourth coating solution contains the second polyionic material.

11. A method of claim 1, wherein the fourth coating solution contains the fourth polyionic material.

12. A method of claim 1, wherein at least three different polyionic materials are used in forming the biocompatible LbL
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coating on said medical device.

13. A method of claim 1, wherein the biocompatible LbL coating comprises at least one layer of a lubricious coating
material or a polyquat, wherein the lubricious coating material is selected from the group consisting of PAMAM
dendrimers, PAAm-�co-�PAA, PVP-�co- �PAA, glycosaminoglycanes, fucoidan, poly-�aspartic acid, poly-�glutamic acid,
carboxymethyl cellulose, carboxymethyl dextrans, alginates, pectins, gellan, carboxyalkyl chitins, carboxymethyl
chitosans, sulfated polysaccharides, glucoproteins, and aminoalkylated polysaccharides.

Patentansprüche

1. Verfahren zum Auftragen einer biokompatiblen lagenweisen Beschichtung auf eine medizinische Vorrichtung, um-
fassend die Schritte von: �

(a) In-�Kontakt- �Bringen der medizinischen Vorrichtung mit einer ersten Beschichtungslösung, die ein erstes
polyionisches Material enthält, um nicht kovalent eine innerste Schicht von dem ersten polyionischen Material
auf die medizinische Vorrichtung aufzutragen, und wobei vor dem In-�Kontakt-�Bringen der ersten Beschich-
tungslösung die medizinische Vorrichtung keiner Oberflächenmodifizierung unterzogen wird;
(b) In-�Kontakt-�Bringen der medizinischen Vorrichtung, die die innerste Schicht von dem ersten polyionischen
Material aufweist, mit einer zweiten Beschichtungslösung, die ein zweites polyionisches Material enthält, um
eine erste Polyelektrolytdoppelschicht, die aus der innersten Schicht von dem ersten polyionischen Material
und einer Schicht von dem zweiten polyionischen Material besteht, auf dem Oberen von der innersten Schicht
zu bilden, wobei das zweite polyionische Material Ladungen, entgegengesetzt zu den Ladungen des ersten
polyionischen Materials, aufweist;
(c) In-�Kontakt-�Bringen der medizinischen Vorrichtung, die die erste Polyelektrolytdoppelschicht aufweist, mit
einer dritten Beschichtungslösung, die das erste polyionische Material oder ein drittes polyionisches Material
enthält, um eine Schicht von dem ersten polyionischen Material oder dem dritten polyionischen Material auf
dem Oberen der ersten Polyelektrolytdoppelschicht zu bilden, wobei das dritte polyionische Material Ladungen,
entgegengesetzt zu den Ladungen des zweiten polyionischen Materials, aufweist;
(d) In-�Kontakt-�Bringen der medizinischen Vorrichtung, die die erste Polyelektrolytdoppelschicht und eine Schicht
von dem ersten polyionischen Material oder dem dritten polyionischen Material auf dem Oberen der ersten
Polyelektrolytdoppelschicht aufweist, mit einer vierten Beschichtungslösung, die das zweite polyionische Ma-
terial oder ein viertes polyionisches Material mit Ladungen, entgegengesetzt den Ladungen von dem ersten
oder dritten polyionischen Material, enthält, um eine zweite Polyelektrolytdoppelschicht zu bilden, die aus der
Schicht von dem ersten polyionischen Material oder dem dritten polyionischen Material und einer Schicht von
dem zweiten Material besteht, und gegebenenfalls
(e) Mehrmaligem Wiederholen von Schritten (c) und (d), um zusätzliche Polyelektrolytdoppelschichten aufzu-
bauen, bis zur Bildung der lagenweisen Beschichtung auf der medizinischen Vorrichtung, wobei die Konzen-
tration von dem ersten polyionischen Material in der ersten Beschichtungslösung so ausgewählt wird, dass sie
mindestens dreimal höher als die Konzentration von einem beliebigen polyionischen Material in jeder Beschich-
tungslösung, die von der ersten Beschichtungslösung verschieden ist, ist, damit der lagenweisen Beschichtung
eine relativ hohe Hydrophilizität verliehen wird, die durch einen gemittelten Kontaktwinkel von weniger als 50
Grad gekennzeichnet ist.

2. Verfahren nach Anspruch 1, umfassend mindestens einen Spülschritt zwischen Schritten (a) und (b), zwischen
Schritten (b) und (c) oder zwischen Schritten (c) und (d),� wobei der Spülschritt durch In-�Kontakt-�Bringen der medi-
zinischen Vorrichtung mit einer Spüllösung ausgeführt wird.

3. Verfahren nach Anspruch 1, umfassend keinen Spülschritt zwischen Schritten (a) und (b), zwischen Schritten (b)
und (c) oder zwischen Schritten (c) und (d).

4. Verfahren nach Anspruch 1, wobei mindestens eines von diesem In-�Kontakt-�Bringen durch Sprühen einer Lösung
auf die medizinische Vorrichtung erfolgt.

5. Verfahren nach Anspruch 1, wobei mindestens eines von diesem In-�Kontakt- �Bringen durch Tauchen der medizini-
schen Vorrichtung in eine Beschichtungslösung erfolgt.

6. Verfahren nach Anspruch 1, wobei das Verfahren Wiederholen von Schritten (a) bis (d) zwischen 3 bis 20 Mal umfasst.
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7. Verfahren nach Anspruch 1, wobei die Konzentration auf dem ersten polyionischen Material in dieser ersten Be-
schichtungslösung das 10- bis 25-�fache der Konzentration von dem ersten, zweiten, dritten oder vierten polyionischen
Material in der zweiten, dritten oder vierten Beschichtungslösung ist.

8. Verfahren nach Anspruch 1, wobei die dritte Beschichtungslösung das erste polyionische Material enthält.

9. Verfahren nach Anspruch 1, wobei die dritte Beschichtungslösung das dritte polyionische Material enthält.

10. Verfahren nach Anspruch 1, wobei die vierte Beschichtungslösung das zweite polyionische Material enthält.

11. Verfahren nach Anspruch 1, wobei die vierte Beschichtungslösung das vierte polyionische Material enthält.

12. Verfahren nach Anspruch 1, wobei mindestens drei verschiedene polyionische Materialien beim Bilden der biokom-
patiblen lagenweisen Beschichtung auf dieser medizinischen Vorrichtung verwendet werden.

13. Verfahren nach Anspruch 1, wobei die biokompatible, lagenweise Beschichtung mindestens eine Schicht von einem
gleitfähigen Beschichtungsmaterial oder einem Polyquat umfasst, wobei das gleitfähige Beschichtungsmaterial aus
der Gruppe, bestehend aus PAMAM-�Dendrimeren, PAAm-�co-�PAA, PVP-�co- �PAA, Glycosaminoglycanen, Fucoldan,
Polyaspartamsäure, Polyglutaminsäure, Carboxymethylcellulose, Carboxymethyldextranen, Alginaten, Pektinen,
Gellan, Carboxyalkylchitinen, Carboxymethylchitosanen, sulfatierten Polysacchariden, Glucoproteinen und amino-
alkylierten Polysacchariden, ausgewählt ist.

Revendications

1. Procédé d’application d’un enduit couche par couche biocompatible sur un dispositif médical, comprenant les étapes
consistant à:�

(a) mettre en contact ledit dispositif médical avec une première solution d’enduit contenant un premier matériau
polyionique pour appliquer de façon non covalente une première couche du premier matériau polyionique sur
ledit dispositif médical, où, avant le contact avec la première solution d’enduit, ledit dispositif médical n’est pas
soumis à une modification de surface;
(b) mettre en contact ledit dispositif médical ayant la première couche du premier matériau polyionique avec
une deuxième solution d’enduit contenant un deuxième matériau polyionique, pour former une première bicou-
che de polyélectrolyte constituée de la première couche du premier matériau polyionique et d’une couche du
deuxième matériau polyionique au-�dessus de la première couche, où le deuxième matériau polyionique a des
charges opposées à celles du premier matériau polyionique;
(c) mettre en contact ledit dispositif médical ayant la première bicouche de polyélectrolyte avec une troisième
solution d’enduit contenant le premier matériau polyionique ou un troisième matériau polyionique, pour former
une couche du premier matériau polyionique ou du troisième matériau polyionique au-�dessus de la première
bicouche de polyélectrolyte, le troisième matériau polyionique ayant des charges opposées à celles du deuxième
matériau polyionique;
(d) mettre en contact ledit dispositif médical ayant la première bicouche de polyélectrolyte et une couche du
premier matériau polyionique ou du troisième matériau polyionique au-�dessus de la première bicouche de
polyélectrolyte avec une quatrième solution d’enduit contenant le deuxième matériau polyionique ou un qua-
trième matériau polyionique ayant des charges opposées à celles du premier ou du troisième matériau polyio-
nique, pour former une deuxième bicouche de polyélectrolyte constituée de la couche du premier matériau
polyionique ou du troisième matériau polyionique et d’une couche du deuxième matériau, et éventuellement,
(e) répéter les étapes (c) et (d) un certain nombre de fois pour accumuler des bicouches de polyélectrolytes
supplémentaires jusqu’à la formation de l’enduit couche par couche sur le dispositif médical,

où la concentration du premier matériau polyionique dans ladite première solution d’enduit est choisie pour qu’elle
soit au mois trois fois supérieure à la concentration de n’importe quel matériau polyionique dans n’importe quelle
solution d’enduit autre que la première solution d’enduit de manière à conférer à l’enduit couche par couche une
hydrophilie relativement élevée caractérisée par  une angle de contact moyen inférieur à 50 degrés.

2. Procédé selon la revendication 1, comprenant au moins une étape de rinçage entre les étapes (a) et (b), entre les
étapes (b) et (c) ou entre les étapes (c) et (d), dans lequel l’étape de rinçage s’effectue par mise en contact dudit
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dispositif médical avec une solution de rinçage.

3. Procédé selon la revendication 1, ne comprenant pas d’étape de rinçage entre les étapes (a) et (b), entre les étapes
(b) et (c) ou entre les étapes (c) et (d):

4. Procédé selon la revendication 1, dans lequel l’une au moins desdites mises en contact se fait par pulvérisation
d’une solution sur le dispositif médical.

5. Procédé selon la revendication 1, dans lequel l’une au moins desdites mises en contact se fait en plongeant ledit
dispositif médical dans une solution d’enduit.

6. Procédé selon la revendication 1, où ledit procédé comprend la répétition des étapes (a) à (d) entre 3 à 20 fois.

7. Procédé selon la revendication 1, dans lequel la concentration du premier matériau polyionique dans ladite première
solution d’enduit est de 10 à 25 fois la concentration du premier, du second, du troisième ou du quatrième matériau
polyionique dans la deuxième, la troisième ou la quatrième solution d’enduit.

8. Procédé selon la revendication 1, dans lequel la troisième solution d’enduit contient le premier matériau polyionique.

9. Procédé selon la revendication 1, dans lequel la troisième solution d’enduit contient le troisième matériau polyionique.

10. Procédé selon la revendication 1, dans lequel la quatrième solution d’enduit contient le deuxième matériau polyio-
nique.

11. Procédé selon la revendication 1, dans lequel la quatrième solution d’enduit contient le quatrième matériau polyio-
nique.

12. Procédé selon la revendication 1, dans lequel au moins trois matériaux polyioniques différents sont utilisés pour
former l’enduit couche par couche biocompatible sur ledit dispositif médical.

13. Procédé selon la revendication 1, dans lequel l’enduit couche par couche biocompatible comprend au moins une
couche d’un matériau de revêtement lubrifiant ou d’un polyquat, dans lequel le matériau de revêtement lubrifiant
est choisi dans le groupe constitué par les dendrimères PAMAM, PAAm-�co- �PAA, PVP- �co- �PAA, les glycosamino-
glycanes, le fucoldan, le poly�(acide aspartique), le poly�(acide glutamique), la carboxyméthylcellulose, les carboxy-
méthyldextranes, les alginates, les pectines, le gellane, les carboxyalkylchitines, les carboxyméthylchitosanes, les
polysaccharides sulfatés, les glucoprotéines et les polysaccharides aminoalkylés.
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